Abstract-Target detection in the presence of mainlobe jamming is a traditional problem for radar signal processing. To solve this problem, methods based on a single array or distributed auxiliary arrays were considered recently. However, the performance is limited by mainlobe resolution or side lobe level, which should be traded off using optimization procedure. To avoid this limitation, a cooperative tracking method for ground and airborne passive sensors is proposed, which can get sufficient resolution for the reason that the airborne sensors can be take near to the target and mainlobe jamming. The target position is fused by extended Kalman filter. The trajectory is optimized to get optimum accuracy. Simulations are then provided to corroborate the theoretical studies.
INTRODUCTION
Electronic interference against airborne radar are enhanced by using digital radio-frequency memory(DRFM) technology. The jammer with DRFM technique can copy the radar waveform and generate a lot of false targets with various time delays and doppler shifts. It is known that when the jammer is located in the side lobe of radar antenna, the jamming can be cancelled by side lobe cancellation(SLC) technique or side lobe blanking(SLB) technique, but when the jammer is located in main lobe, the false target is very hard to be cancelled, and target detection becomes a problem.
Many target detection methods in the presence of main lobe jamming techniques were proposed up to now. The false target identification technique based on DRFM quantization character analysis technique was proposed in [1] , the performance of this technique can be reasonably successful only for signals with rather high SNRs, which will not suit for long range targets. To cancel mainlobe jamming in monopulse radar, main lobe jamming cancellation techniques based on monopulse sumdifference network were studied in [2] to [4] . Adaptive array processing methods for mainlobe jamming cancellation were considered in [5] and [6] . The main lobe jamming cancellation techniques would distort the shape of mainlobe pattern and degrade the gain of the mainbeam on the target direction. To design narrow notch spatial filter, which can keep enough gain on the target, large distributed auxiliary array was employed in [7] and [8] , which is designed to suit for wide band and narrow band radar respectively, but the needs of large size auxiliary array would increase cost and volume of the radar system greatly.
To solve this problem, we propose the target detection and tracking method based on the combination of ground based and airborne radar as shown in FIGURE I. For the reason that the airborne radar can be located very near to the observed target, the resolution of the airborne sensor will be much better than that of ground based radar. According to this feature, we design the radar system composed of two ground based radar and two airborne sensors. All the sensors formulate radar beams on the target direction. According to cross location technique, the target can be measured with low accuracy. By sending the UAVs to the expected target position, the airborne sensor will get better accuracy, which will be optimized by particle swarm optimization method.
FIGURE I. THE BEAMS OF GROUND BASED RADARS AND AIRBOME SENSORS
Numerical simulation is taken to compare the detection performance with classical methods, which indicated that this method can detect target from complex external environment in the presence of mainlobe jamming.
II. DATA MODEL
For ground based radar, the bore sight of two radars on the same target is usually not in the same plane, the measure vector of the ith sensor on the jth target is , the 
B. UAV Trajectory Optimization
In order to optimize the trajectory of the UAVs, the target location accuracy was selected as the objective function by traditional methods. The accuracy can be measured by the onesigma ellipsoid of the estimated target position. Under regularity conditions, the PDF of the ML estimate θˆ converges to Gaussian PDF with mean θ and covariance equal to the Cramer-Rao bound
The Jacobian matrix is defined as
  
The Cramer-Rao Bound of the coordinates is
Then the volume of one-sigma ellipsoid corresponding to the three-dimensional case can be calculated as
  
For traditional methods, V 1σ is modeled as a function of the trajectory, which is optimized by particle swarm optimization algorithm at each sample time.
In the practical case, this method is only local optimum solution at each sampled point. However, they are not global optimized. Hence we propose a trajectory programming method based on proportional navigation method, which will get more flat trajectory than traditional method. This navigation method will arrive at the target much earlier than traditional methods. The principle of the navigation method is shown in FIGURE II. The optimized trajectory is shown in FIGURE III. It can be seen that the proposed trajectory is much more flat than other method. In this paper, a passive target tracing method based on ground based and airborne sensors is proposed, which can get much higher accuracy than traditional methods.
